SUMMARY
INTRODUCTION

20
The genomes of multicellular organisms are transcriptionally silent at the time of fertilisation,
21
and the events of early development, including zygotic (also known as embryonic) genome 
37
In Xenopus, ZGA is associated with changes in cell behaviour after the MBT. First, rapid and 
126
We noted that the shorter zygotic genes observed before the MBT did not correlate strictly with 127 the time constraints imposed by short cell cycles. We detected increasing and wider spread of 
158
In an effort to inhibit canonical Wnt signaling, we injected into the X. tropicalis zygote a 
175
fusing neural folds (arrowheads in Figure 2B ), structures that were either absent in Wnt LOF 176 embryos or normal in BMP LOF embryos.
177
Changes to ZGA caused by the single or combined LOF of Wnt, Nodal and/or BMP were then 178 determined at the late blastula stage on a transcriptome-wide scale using deep RNA 179 sequencing (RNA-Seq). Analysis was limited to the 3,315 zygotic genes for which spatio-180 temporal expression data is available (Blitz et al., 2017; Owens et al., 2016) and where reduced 181 expression (≥50% loss of exonic and/or intronic transcript counts, FDR ≤10%) could be 182 detected in α-amanitin-injected embryos ( Figure 2C and Table S3 ) (Gentsch et al., 2018b) . α- (Table S3) . Among the ZGA- 
220
and BMP proved to be required for gene activation in different spatio-temporal domains of the 221 early embryo: β-catenin was needed for ~87% and ~46% of genes preferentially expressed on 222 the dorsal side and in the VH/MZ, respectively. Some of its target genes like nodal3.1 and sia2 Figures 2E and S2C ).
228
Along similar lines, Nodal LOF embryos predominantly displayed a down-regulation of dorsal
229
(~63%) and VH/MZ-specific (~73%) genes, although there was no effect of Nodal LOF on the 230 earliest-activated genes at the 32-cell stage or on opposing cell fate regulators ( Figure S2A,B) .
231
Among the first genes to be sensitive to Nodal LOF was the MZ-specific FGF ligand fgf20, 232 activated by the 128-cell stage ( Figures 1C and S2A,B) . By contrast, BMP LOF caused a 
242
The requirement for VegT was similar in ventral-and dorsal-specific genes (~31% and ~30% 
271
DISCUSSION
272
Our study provides two major insights into the mechanisms by which ZGA is initiated in time 
283
We do not know why RNAPII, despite its high abundance and its ability to promote rapid 284 elongation, is restricted at early stages from transcribing more genes and longer genes. It may, 
305
In addition to the small sizes of the earliest activated genes, we observed that most of these 306 genes, which have no or few introns, code for groups of related factors like histones or zinc 307 finger TFs, and that they appear as clusters spanning up to several hundred kilobases. This is 
312
The number and spatial proximity of clustered genes enhances transcriptional output by 
333
We also show that the synergy of opposing signals of the Wnt and BMP pathway affects many 
344
(bHSH) TF AP-2 was more enriched at Smad1 than Smad2 binding sites ( Figure S3O ).
345
We therefore propose that Wnt, BMP and Nodal signal mediators are critical to regional ZGA 346 and that they balance initially opposing cell fate commitments. However, we have previously
347
shown that signal integration also relies on maternal pioneer TFs like Pou5f3 and Sox3 to make 
351
Overall, we demonstrate that the temporal and spatial dynamics of regional ZGA are regulated
352
by the sequential and spatially restricted translocation of Wnt, Nodal and BMP signal mediators.
353
These events establish the formation of the primary body axes and germ layers of the embryo.
354
Temporal RNAPII profiling indicates that >1,000 genes of increasing length are activated before
355
MBT and that this substantial portion of ZGA is independent of both the classic N/C ratio and
356
of cell cycle lengthening.
357
LIMITATIONS OF THE STUDY
358
We detected a dramatic increase in genome-wide recruitment of RNAPII over the cleavage 359 stages during which the genome begins to be transcribed. We used within-sample 
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(MAPQ) of 10 (DNA) and 255 (RNA). NF, staging according to Nieuwkoop and Faber (1994) .
762
PE/SExx, paired-end or single-end sequencing plus read length. 
780
TRANSPARENT METHODS
781
CONTACT FOR REAGENTS AND RESOURCE SHARING
782
Further information and requests for resources and reagents should be directed to and will be 783 fulfilled by the Lead Contact, James C. Smith (jim.smith@crick.ac.uk).
784
EXPERIMENTAL MODEL AND SUBJECT DETAILS
785
Xenopus tropicalis Manipulation
786
Standard procedures were used for ovulation, fertilization, and manipulation and incubation of 
798
Chromatin immunoprecipitation (ChIP)
799
ChIP was carried out as detailed previously (Gentsch and Smith, 2017 
817
After adding 100 µl of washed protein G magnetic beads (Thermo Fisher Scientific, 
835
ChIP-Seq Library Preparation
836
Using the KAPA Hyper Prep Kit (Roche, Cat#KK8504), 2.5-5 ng ChIP DNA or 5 ng input DNA were 837 converted into indexed paired-end libraries as previously described (Gentsch and Smith, 2017) .
838
Briefly, DNA fragments were end-repaired and A-tailed for 30 min at 20ºC followed by 30 min at 
858
alignment results are summarized in Table S1 .
860
Post-Sequencing Analysis of ChIP-Seq
861
Single reads of maximal 50 bases were processed using trim_galore v0. 
929
Injections and Treatments of Embryos
930
Microinjections were performed using calibrated needles and embryos equilibrated in 4% (w/v)
931
Ficoll PM-400 (Merck, Cat#F4375) in 5% MMR. Microinjection needles were generated from 932 borosilicate glass capillaries (Harvard Apparatus, GC120-15) using the micropipette puller
933
Sutter p97. Maximally three nanolitres were injected into the animal hemisphere of de-jellied 934 zygotes using the microinjector Narishige IM-300. Embryos were transferred to fresh 5% MMR
935
(without Ficoll PM-400) once they reached about the mid-blastula stage.
936
For profiling the nascent transcriptome, embryos were injected with 75 ng 4-thiouridine-5'- 
975
Research, Cat#R1017) at ~12,000 g for 30 sec. Next, the manufacturer's instructions were
976
followed for the recovery of total RNA (>17 nt) with minor modifications. First, the flow-through 977 of the first spin was re-applied to the column. Second, the RNA was treated in-column with 3 U
978
Turbo DNase (Thermo Fisher Scientific, Cat#AM2238). Third, the RNA was eluted twice with 
982
Tagging the Nascent Transcriptome
983
Thirty 4sU-injected embryos were collected at the MBT and the early-to-mid gastrula stage.
984
Total RNA was extracted as outlined above. The 4sU-tagging was performed according to Gay 
999
cDNA was purified using 1.8x SPRI beads. Input and 4sU-enriched cDNA were PCR-amplified 1000 with 11 and 15 cycles, respectively. The 4sU RNA-Seq library was purified with 1x SPRI beads.
